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toxin was administered heldaesPRthin E' s

Anthrax toxin has heen shown by

Vick et al (1968) to cause several major
physiological the rhesus
monkey following toxin challenge. They
showed that there was a partial depres-
sion or complete loss in cortical electri-
cal activity (EEG) which occurred as
arly as 5 minutes after toxin adminis-
da\ion. followed in some cases by de-
- pression in cvelic patterns that appeared
< independent  of other physiological
w;mgcs. A few hours before death in-
reased depression was followed by
P=w{noxic hypertension that appeared to
progress with the degree of intoxication
U Fto hnal cardiovascular collapse. Dur-

changes in

ing this progressive intoxication acute
mcspimmr'\' dithiculties became apparent,
Multimately terminating in apnea. Re-
Bhiratory paralvsis and the resulting
C®leath of the monkeyvs were attributed to
the direct action of the anthrax toxin in
the deep center of  the
brain, since the
phrenic nerve and neuromuscular junc-
tion intact. These
physiological changes and death by in-
toxication could be prevented if anu-

respiratory
conductance  over

was shown to be
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§ hours after injection.

Responses of the toxin-injected mon-
kev prompted this parallel study with
the infection itself. A remarkable simi-
larity between responses of the bacterial
disease and the toxin-challenged ani-
nials was observed.

METHODS

The rhesus monkevs (Macaca mu-
latta) used were from Pakistan and
weighed 4 to 5 kg. The 5 antmals in the
group on which EEG were recorded had
electrodes permanently implanted on
the dura of the brain by standard tech-
niques at feast 21 davs before challenge.
Electrical activity
corded on a model 11T D Grass Poly -
graph Instruments,  Quincey,
Massachusctts). Another group of 6
animals was used for simultancous re-
cordings with a Sanborn Model 964-
1100 (Sanborn Co., Waltham, Massa-
chusetts) for respiratory rates and elec-
trocardiograms  (EKG).  Hematocrit
values, white blood cell counts, number
of bacith, and units of toxin per ml of
blood were taken on an 8-hour schedule
after challenge untl death. Constant
and  addi-
tional samples were obtained as the
time of death approached and at death.
Because of electrical interference, we
were unable to record both ELEG and
ERKG on the same animal, The methods
for monttoring neurological and phvs-
wlogical responses are those of Viek
et al (1968) and Klem et al (1966), re-
spectively,

cortical wias  re-

(Grrass

observation was exercised,
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Animals  were  challenged  intrader-
mally with 1 X10% spores of the Vollum

(Vb strain of Bacillus anthracis.

RESULTS

Septicemiu und blood cell changes.  in-
dividual populations of organisms in the
blood of the 6 monkevs infected with
anthrax are summarized in figure 1.

The dose of 10° spores, which is 2 1o
10 times the dose used in work reported
carhier (Klein et al, 1966), resulted in
times to death of 32 1o 62 hours. This
time is roughly twice that at which
monkevs died following challenge with
10,000 units of anthrax toxin (Vick ctal,
1968). In all animals septicenia was ob-
served at the 24 1o 30-hour sampling
period and increased unul death, Toxin
was detected untuil the terminal
sample. Its level varied between 15 and
110 rat units (Haines et al, 1965) and
was demonstrated in all animals,

The white blood cell counts and the
hematocrit levels paralleled the more
extensive data  published carlier by
Kline et al (1966). There was an abso-
tute leukocytosis, and the hematocrit
reading increased in 4 of 6 animals; the
other 2 remained within normal range.

Flectroencephalography. The EEG
trace for 1 animal is shown in figure 2. It
is tvpical for the group on which trac-
with additional
observations noted below. This animal
died at 62 The
terminal number of bacilli per ml of
10°, a
lower than usually found.

not

ings were obtained,

hours, 7 minutes.

blood was number  somewhat

The tracing before challenge was nor-
mal for the monkevs we have observed.
An incipient septicemia occeurred  he-
tween the sampling periods of 16 and 22
hours, so that at 22 hours 107 bactlli
per The LG re-
mained essentially normal. At 44 hours
the organism level in the blood had in-

ml were observed.

creased to 1Y organisins per ml, which

was just at the detectable tevel by direct
microscopic observation. The first major
change oceurred at 34 hours when EEG
tracings showed signs of depressed elee-
trical cortical actuvity. From 54 to 62
hours (7 minmes  beiore  respiration
ceased) the EEG tracings showed that
clectrical cortical activity steadily de-
clined to zero. This loss of cortical ac-
uvity  paralleled the observations  of
Viek et al (1968) o1 monkevs injected
with sterile anthrax toxin.
Electrocardiography and respiration.

The recordings of 1 monkey are given as
tvpical for the group (figure 3).
monkey was used as his own control
prior 1o challenge. Both cardiac and res-
piratory rates were within the normal

ILach

range (heart rate, 192 per minute; res-
piration, 40 per minute). This repre-
sentative monkey died at 36 hours, 36
minutes with 100 organisms per ml of
blood. The septicemia of 10 organisms
per ml was first noticed i 24 hours and
steadily increased during the 32 hours
prior 1o death.

With the onset of septicemia at 24
hours dyspnea was definitely noticeable
and became more severe as the discase
progressed. Except for a short period
at 31 hours when it dropped to 25 per
minute, the respiratory rate renained
constant (45 +3) unul 3 minutes be-
fore death, when it gradually fell 1o

zer0.

Through this entire period untl 16
minutes before death, the ERG re-
mained  essentially normal. Although

the heart rate showed some variation
(250 1o 150 per minute), it staved within
nornal limits, In the last 16 nminutes the
ERG amplitude, along with the heart
rate, decreased rapidly and uniformly .
A heart beat was detected for 3 minutes
after respiration ceased, an observation
consistent with that of either rats or
monkevs  killed
toxin.

with sterile anthran
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PRE- CHALLENGE

24 HRS. POST CHALLENGE (IO‘ ORes.)

EKG — _—
HEART RATE — 2407/ MIN. 2287 M.
PN N
RESP FREQ. — - R
48/ MIN. S4/MIN.
46 HRS. POST CHALLENGE (4X 10° ORGS.) 86 WAS. POST CHALLENGE (109 OReS.)
EKG —_— —- : T -
HEART RATE — 228/MIN. 225/MIN.
. 0N
RESP FREQ. — .
49/MIN. 45/MN
56 HRS. 34 MIN.POST CHALLENGE (10 0R03.) SeHRS. 36 MiIN.  TERMMAL (10%0Ras)
EKG —— et PR - B
HEART RATE — 150/MIN. S3/Mm
RESP FREQ. —= )
28/ MIN. o/uw,

Frovxr 3. Respiratory and cardiovascular responses in the rhesus wmonkey during anthrax infee-

tion,

DISCUSSION

After sutheient organism growth in
the host lethal quantities of toxin are
produced, and anthrax hecomes essen-
tially o toxigenic discase, leading 1o a
disease syndrome identical 1o that seen
with sterile anthrax toxin, The differ-
ence in time of appearance of signs is at-
tributable to the fact that in the spore-
mduced discase toxin huilds up slowly
i some direct relationship to the num-
ber of hacith present in the hodyv; with
the toxin challenge a lethal dose is given

over i short period of time. The signs
in the last half of life for hoth the discase
and toxin challenge are remarkahly
comparable and parallel. The central
nervous  system s progressively de-
pressed, but the cardiovascular svstem
functions normadly  wntil preterminal
apnea. Some degree of dyspnea is ob.
served but, preterminally | respivation
becomes  quite abnormal and  stops.,
Parallel with and Tollowing respirator
failure cardiovascular chauges hecome
increasingly evident until cardiae arrest,
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Middletor and Standen (1961), work-
ing with 2 monkevs (we exclude 1 with
an 2. coli coinfection and 1 that was
sacrificed), observed an intact
cardium and normal EKG during the
course of disease. A recording on an

myo-

animal made at 2 hours hefore death in-
dicated no signiicant change in rate or
function. Apparently no changes were
observed in either of the animals at ap-
proximately 18 hours before death.
However, recordings were not made
near death of the remaining monkey,
and tune 1o death was not ohserved or
known within 5 or 6 hours. Free toxin
was demonstrated in terminal blood of
both monkevs tested. We agree with
their remark that s ditheult 1o ree-
oncile the tracings of a remarkably in-
tact mvocardium with the clinical pic-
ture of an overwhelming bacteremia in
a morthund antmal.” However, we dis-
circu-
Latory shock in anthrax probably results
from toxin damage 1o the peripheral
tissue, causing loss of vascular tone and
integrity.”” This statement is not con-
sistent with and supported by their

i

agree with therr conclusion that

data. Our work shows that cardiovascu-
lar changes follow respiratory changes,
an ohservation overlooked orignored by
these and other workers.

The correlation between the physio-
logical parameters recorded in our work
and in ficld and lahoratory observations
on anthrax cases is quite consistent.
Fxcept for a few cases of dullness, de-
pression, and anoxia, infected animals
showed few signs untl death suddenly

occurred. The hrerature on anthrax,
whether for humans or antmals, re-
peatedhy  uses terms that mean un-
expected, sudden death. We are es-

peetally appreciative of the observitions
ol Mansjoer 11061) on Javanese hu-

mans. He stares that 00 saddeny un-
espected dearh occurred even though o

lew hours carlier the patient had tatked

KueiN, Liscors, Donnss, MaHLasDT, REMMELE AND WALKER

calmly and showed no sign of grave
illness. A few minutes before death, the
patient became cvanotic .. .. Pienaar
(1961}, reporting on African veldt ani-
mals, writes, *In the majority of cases it
appeared that death occurred suddenly
and there were few or no signs of kicking
and struggling. A zebra was found dead
with a mouthful of green grass on which
it was feediny. In other cases death set
i more gradually and these cases could
not bhe referred to the peracute form of
the discase.” There is nothing in our
results and littde in records of
tield cases to indicate that slow Jeath
and complications occur, such as would
happen if the kidneyvs were shut down,
resulting in

very

secondary shock™ (Smith
et al, 1935), or if pulmonary edema
occurred (Beall and Dalldorf, 1966),
resulting in hemoconcentration and a
prolonged struggle for oxvgen with ex-
tended death agony.

As with
phenomenon  there are exceptions (o

every  complex  hiological
any generalization, Some animals do die
slowlv and in extended agony, even o
the point of vocalization, as noted in 2
cases by Pienaar (1961). We have ob-
the manifestations  with
some rabbits and monkevs, Some in-

served sanme
dividuals show carly signs of illness. To
account adequately for exceptions to
our generalization, more work needs to
The work of the
Porton group (Smith ¢tal, 1953) iniden-
tifving the wxm of B, anthracis forms

he  done. classical

the basis for our present work, the re-
sults of which make anthrax compara-
ble to other tosin-producing organisms.
[t is perhaps most parallel 1o plague in
which bacilli are disseminated through-
out the hodv, hut it is also similar to
diphtheriaand tetanus, discases in which
the causal organisim is very localized.
Litde
therapy of anthrasy than what we have
noted elsewhere (Lincoln etal, 1964a, h;

more need  he said  about
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Klein et al, 1962, 1967): For a toxigenic
disease the only known specific antidote
is antitoxin (antiserum) which should
be used in conjunction with hactericidal
antibiotics  (penicillin and  streptomy-
cin). The proper choice of treatment be-
comes more critical in the late stages of
septicenmia. Russian medical treatiment
of anthrax appears to make more use of
antisera than does western medicine and
uses a variety of drugs that would bhe
expected to stimulate the cardiovascu-
lar svstem (Lebedev, 1961 ; Bunin, 1960),
Our model on anthrax treatment and
prophviaris (Lincoln et al, 1964) ade-
quately describes the interaction among
the principal variables of this discase
syndrome and is highly applicable to the
suggested treatment of anthrax.,

SUMMARY

A depression of the cortical electrical
activity, observed on clectroencephalo-
grams, and subsequent respiratory fail-
ure occurred in rhesus monkevs dying
of anthrax. The cardiae activity and re-
spiratory rate did not change during the
disease until, as evidenced by respira-
tory patterns, acute respiratory distress
occurred. At this time typical anoxic
responses were observed. White blood
cell counts and hematocerit
mcreased late in the course of discase

readings

and several hours after a septicemia had
been observed. A terminal toxemia was
demonstrable. The terminal responses
were essentially identical to those that
we have reported for rhesus monkeys
and chimpanzees challenged with lethal

: MEcHANIsM oF DEaTH
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amounts of sterile anthrax toxin. An-
thrax is now visualized as a clinically
new diseiase with many similarities to
plague, diphtheria, tetanus, and other
lethal toxigenic diseases,
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